Two field experiments were conducted at private farm in Belqas, Dakahlia Governorate, Egypt during the two summer seasons of 2016 and 2017 to study the effect of irrigation intervals and foliar application of different antitranspirants i.e., silicone in from of potassium silicate K 2 SiO 3 (1000 ppm), chitosan (150 ppm) and glycine betaine (700 ppm) and their interactions on vegetative growth characters, pod yield, quality traits and chemical constituents of okra (Balady cultivar). The results showed that short irrigation intervals (10days) significantly increased number of leaves/plant, fresh and dry weight (g) as well as leaf area/plant, pod yield/plant, total pod yield (ton/feddan), pod length, chlorophylls a, b, total chlorophyll and chlorophyll a/b ratio of okra leaves and vitamin C, carbohydrate, protein, total sugars contents of okra pods compared with (irrigation at 20 days), except total soluble solids (TSS %) which had the highest significant values at 20 days irrigation intervals compared with 10 days irrigation intervals. Spraying with all foliar applications led to significant increase all the studied parameters compared with control treatment in both seasons. The superior application was chitosan in particular 150 ppm followed by glycine betaine followed by silicon while control treatment recoded the lowest values in both seasons, respectively, glycine betaine in particular 700 ppm gave the highest values of TSS of okra pods followed by chitosan followed by silicon while control treatment recoded the lowest value. From the obtained results, it could be concluded that Balady cultivar of okra plant which irrigated at 10 days interval and sprayed with chitosan at 150 ppm four times, i.e., 20 days after sowing and repeated each 10 days interval, respectively recorded the highest values of all studied traits of okra plant compared to other treatments, except Total soluble solids (TSS %) which had the highest significant values of okra pods with the interaction between (irrigation every 20 days interval × foliar sprayed by 700 ppm of glycine betaine) during both seasons.
INTRODUCTION
Okra (Abelmoschus esculentus) is an important summer vegetable crop in Egypt, which is consumed locally or exported abroad. The green pods of okra used fresh, frozen or as pickles.
Despite considerable resistance of okra to drought it requires large amounts of water during the growing, lack of water has deleterious effects on the yield. The maximum loss of yield happened when continuous water shortages continuously until the first harvest (Abd El-Kader et al., 2010) .
One of the most important strategies for increasing the productivity of okra under normal irrigation and drought stress using compounds of antitranspirants. These compounds should be harmless to humans and inexpensive.
Silicon is one of the most important antiperspirants used, and after oxygen the second most abundant element in the soil solution and in the earth's crust. Foliar spray of silicon reduces the negative effects of drought (Bukhari et al., 2015) .
Chitosan stimulate plant growth (Mondal et al., 2012) . Chitosan act as antitranspirant compound which effecte on many crops (Khan et al., 2002) .
Glycine betaine is amino acid which considers a vital tonic that is rapidly absorbed and transported within the plant parts. Exogenously applied glycine betaine can be used to increase the extent of plant height, chlorophyll (a and b), yield and yield components in drought stress condition and without drought stress (Miri and Armin, 2013) .
This study designed to know the effect of water stress and spray some anti-transpirants such as silicon, chitosan, glycine betaine and their interactions on growth, yield and quality of okra plants (Abelmoschus esculentus L. Moench) which had grown under normal irrigation or drought stress conditions, without adversely affecting growth, quality and yield of okra.
MATERIALS AND METHODS

1-The experimental design and treatments
Split-plot design was the experimental layout with three replicates. These experiments included eight treatments which were the combination between 2 irrigation intervals and 4 foliar applications of antitranspirants. Two irrigation regimes (every 10 and 20 days intervals starting after 1st irrigation) were assigned in the main plots. The irrigation numbers were totally 18 and 9 times, respectively, while the foliar applications were randomly distributed in the sub-plots. The plot area was 12 m2 (4-ridges, each 5 m length, and 0.6 m width). Seeds were sown with 30 cm spacing between plants on one side of ridges at a rate of 3-5 seeds at hills by hand at the depth of 1-2 cm of soil and then covered with wet and dry soil. The seeds were sown on 20 th March of 2016 and 2017. After germination plants were thinned on two plants/ hill. Normal irrigation at (10 days intervals), Drought stress at (20 days intervals).
b. Foliar applications of antitranspirants (sub plot)
Control (sprayed with tap water), Silicon in form of potassium silicate (K2SiO3) at 1000 ppm, Chitosan at 150 ppm and Glycine betaine at 700 ppm.
The plants were sprayed with foliar treatments four times, 20 days after sowing and repeated each 10 days interval. The normal agricultural practices of okra production were followed according to the recommendations of Egyptian Ministry of Agriculture. Pods harvesting was done according to the standard characteristics for exportation.
2-Data recorded were as follows Vegetative growth characters
Five plants were marked randomly after 50 days of sowing from each plot for determining the following data: number of leaves/ plant, fresh weights/ plant (g), dry weights/ plant (g) and leaf area/ plant (cm2), it was estimated by drying each plant at 70°c to a constant weight, leaf area was recorded according to (Koller, 1972) .
Pod yield and its components
In each harvest green pods were harvested of each plot at the proper maturing stage, counted and weighted and the following parameters were collected: average of pod length (cm), pod yield/plant (g) and total pod yield (ton/feddan) of okra pods. Chemical composition of leaves: It was determined in leaves before the beginning of flowering and the following parameters were collected: chlorophylls a, b, total chlorophyll and chlorophyll a/b ratio of leaves were determined according to Lichtenthaler and Wellburn (1983) . Chemical composition of pods: Representative samples of 10 okra pods were randomly taken from each treatment to determine the quality parameters of okra pods vitamin C (mg/100gf.w.) was determined in in juice from fresh pods by titration with 2.6 diclorophenol indophenol blue dye according to the method reported in (AOAC, 1975) , total carbohydrates was determined according to the method described by (Sadasivam and Manickam, 1996) , protein was determined according to (AOAC, 2000) , crude protein of each sample was calculated by multiplying the total nitrogen by the factor 6.25, Total sugars was determined according to the method described by Sadasivam and Manickam (1996) and total soluble solids (TSS) was estimated using Galli 110 refractometer according to (AOAC, 2000) .
Statistical analysis
All statistical analyses were performed using analysis of variance technique by means of Costat computer software. Using the differences between individual pairs of treatment means were compared using Duncan Multiple Range Test at 5% according to Snedecor and Cochran (1989) . Table 2 show that the highest significant values of number of leaves/plant, fresh and dry weight/plant and leaf area/plant were recorded at 10 days from irrigation intervals during both seasons compared with irrigation intervals at 20 days. The differences between irrigation intervals could be suggested increasing water quantity applied to plant caused keeping higher moisture content in the soil and this in turn might the plant metabolism and thus leads to increase plant growth characters and produce higher dry matter. This result is in agreement with those of Saied (2000) on sugar beet. Such results are in agreement with Altaf et al. (2015) on okra. Table 2 show that the highest significant values of number of leaves/plant, fresh and dry weight/plant and leaf area/plant were recorded with spraying plants by chitosan compared with glycine betaine, silicon meanwhile the control had the lowest values of mentioned growth parameters in both seasons. These results are in harmonious with Abbas et al. (2017) as for silicon, ElSherbini (2015) as for chitosan, Ragab et al. (2015) as for glycine betaine.
RESULTS AND DISCUSSION
Vegetative growth parameters Effect of irrigation intervals
Effect of foliar application of antitranspirants
The stimulative effect of silicon on vegetative growth might be due to that silicon improves protection against pathogens and enhances the growth. (Greger et al., 2011) .
Foliar application of chitosan increases photosynthesis, promotes and enhances plant growth, stimulates nutrient uptake and increases germination (Kim et al., 2005) .
Glycine betaine play important role in increase plant tolerance to some abiotic stresses such as salt, drought, and extreme temperatures. (Quan et al., 2004) . Table 3 show that the highest significant values of number of leaves/plant, fresh and dry weight/plant and leaf area/plant of okra plant were obtained with irrigation every 10 days × foliar sprayed by 150 ppm of chitosan) followed by (irrigation every 10 days × foliar sprayed by 700 ppm of glycine betaine) and the lowest one was the interaction (irrigation every 20 days × control) in both seasons.
Effect of the interactions:
Similar results were harmonious with Farouk and Abd EL Mohsen (2011), Rakha (2014) and Raza et al. (2014) . 
Pod yield and its components Effect of irrigation intervals
Data in Table 4 show that irrigation intervals at 10 days had the highest values of pod length cm, the highest significant values of pod yield/plant and total pod yield ton/feddan in both seasons respectively compared with irrigation intervals at20 days.
Irrigation intervals at 20 days caused water stress to okra plant which considered as one of the most important limitations to photosynthesis and plant productivity (Tezara et al., 2005) . Similar results were obtained by Hussein et al. (2011) on okra.
Effect of foliar application of antitranspirants
It is obvious from the data in Table 4 that all foliar applications cause increase in all studied parameters compared with control. The highest values of pod length cm, the highest significant values of pod yield/plant and total pod yield ton/feddan were obtained when okra plants sprayed with chitosan followed by glycine betaine followed by silicon and the lowest application in all studied parameters was control.
There was insignificant difference between the effect of foliar application of chitosan and glycine betaine and there was insignificant difference between application of glycine betaine and silicon on pod length, pod yield/plant and total pod yield/feddan in both seasons. The foliar application chitosan, glycine betaine and silicon had a similar effect on pod length in second season. These results are in accordance with El-Sherbini (2015) as for silicon, El-Badawy (2014) as for chitosan, Ragab et al. (2015) as for glycine betaine.
Concerning silicon, the increase in yield from silicon treated plants is a result of deposition of the element under the leaf epidermis which caused a production of phenols, physical mechanism of defense, which reduces lodging, stimulates phytoalexin production, decreases transpiration losses and increases photosynthesis capacity of crop plants (Korndorfer et al., 2004 and Ahmad et al., 2012) .
Foliar application of chitosan lead to stimulate leaves, shoots, roots, photosynthetic rate and chlorophyll content in plant (Khan et al., 2002 and Gornik et al., 2008) which caused in increment in the vigor growth followed by active translocation of photoassimilates from source to sink tissues followed by increase yield.
Concerning glycine betaine, the improveme in yield and yield components due to play an important role in increasing plant tolerance to abiotic stresses such as drought, extreme temperatures and salt (Quan et al., 2004) . Table 5 show that the highest significant values of all pod characters of okra plant were obtained with the interaction between (irrigation every 10 days × foliar sprayed with 150 ppm of chitosan) followed by (irrigation every 10 days × foliar sprayed with 700 ppm of glycine betaine) and the lowest one was the interaction between (drought stress irrigation every 20 days × control) in first and second season.
Effect of the interactions
There was insignificant difference between interaction between (irrigation every 10 days × foliar sprayed with 150 ppm of chitosan) and (irrigation every 10 days × foliar sprayed with 700 ppm of glycine betaine) and There was insignificant difference between interaction between (irrigation every 10 days × foliar sprayed with 700 ppm of glycine betaine) and (irrigation every 10 days × foliar sprayed with1000 ppm of silicon) on pod yield/plant and total pod yield/feddan in both seasons. Similar results were obtained by Farouk and Abd EL Mohsen (2011), Rakha (2014) and Noreen et al. (2015) . 
Chemical composition of plants Chemical composition of leaves Effect of irrigation intervals
Data in Table 6 show that the highest significant values of chlorophylls a, b, total chlorophyll and chlorophyll a/b ratio of okra leaves were recorded at 10 days intervals during both seasons compared with irrigation intervals at 20 days which had the lowest significant values of the studied parameters. Similar results were obtained by Maghsoudi et al. (2015) .
Chemical composition of okra leaves was lower at the longer regime at 20 days intervals compared with irrigation intervals at 10 days because the nutrient mobility in the soil is towered and the nutrients flow to root absorption zone rate decreased when soil moisture decreased, the results obtained by (Mahmoud and Hafiz, 2002) . Table 6 show that the highest values of chlorophylls a, b, total chlorophyll and chlorophyll a/b ratio of okra leaves were obtained when okra plants sprayed with chitosan followed by glycine betaine and silicon which had a similar effect meanwhile the lowest application in all studied parameters was control.
Effect of foliar application of antitranspirants
The results are agreed with Maghsoudi et al. (2016) as for silicon, Abu-Muriefah (2013) as for chitosan, Miri and Armin (2013) as for glycine betaine.
Concerning the possible mechanisms of silicon is supplementation of silicon led to increase production of skeleton of carbon and increased the demand for N for the synthesis of amino acids and other N compounds and photosynthetic activity (Lima Filho and Abdalla, 2008) .
Meanwhile, the possible mechanisms of chitosan, its favorable effect on chemical composition of leaves might be referred to chitosan increased photosynthetic rate (Khan et al., 2002) .
Concerning the possible mechanisms of glycine betaine on chemical composition of leaves might be referred to the beneficial effect of glycine betaine on metabolism and growth and its role as osmoprotectant (Ragab et al., 2015) .
Effect of the interactions
Data in Table 7 show that the highest significant values of chlorophylls a, b and total chlorophyll and chlorophyll a/b ratio of okra leaves were obtained with (irrigation every 10 days × foliar sprayed by 150 ppm of chitosan) followed by (irrigation every 10 days × foliar sprayed by 700 ppm of glycine betaine) and the lowest significant values of the studied parameters was the interaction between (drought stress irrigation every 20 days × control) in first and second season. Same results were obtained by Farouk and Abd El Mohsen (2011) , Miri and Armin (2013) and Maghsoudi et al. (2016) . Table 8 show that the highest significant values of vitamin C, carbohydrate, Protein, total sugars contents were at irrigation intervals at 10 days during both seasons compared with irrigation intervals at 20 days which had the lowest significant values of the studied parameters, except TSS which had the highest significant values at 20 days irrigation intervals compared with 10 days irrigation intervals. Similar results are obtained by Abd EL Mohsen (2011), Farouk and Ramadan (2012) and Rashed and Moursi (2016) .
Chemical composition of pods Effect of irrigation intervals
Chemical composition of okra pod was lower at irrigation intervals at 20 days during both seasons compared with irrigation intervals at 10 days because Water stress is one of the most important limitations to photosynthesis (Tezara et al., 2005) .
Water stress reduces total carbohydrates because it's inhibitory effect on photosynthetic pigment concentrations, photosynthetic activities or Rubisco enzyme activity which decreases all sugar fractions (Stibrova et al., 1986) .
Effect of foliar application of antitranspirants
Data shown in Table 8 show that application of chitosan gave the highest values of content of vitamin C, carbohydrate, Protein, total sugars contents of okra pods followed by glycine betaine followed by silicon while control treatment recoded the lowest values. Application of chitosan and glycine betaine had a similar effect on Protein contents in second season. Spraying okra plants with glycine betaine gave the highest values of TSS of okra pods followed by chitosan followed by silicon while control treatment recoded the lowest values of TSS.
These results are agreed with EL-Sherbini (2015) as for silicon, Abdel-Mawgoud et al. (2010) as for chitosan and Aldesuquy et al. (2012) as for glycine betaine.
The positive effect of silicon might be due to silicon enhance the stressful conditions resistance of and improves nutrition supply coordination and supply of micronutrient (Jia et al., 2011) .
The positive effect of chitosan on chemical composition of okra pods might be due to greater availability of amino compounds released from it (Chibu and Shibayama, 2001 ) and increase the uptake and availability of water and essential nutrients (Guan et al., 2009) .Chitosan increased photosynthetic rate (Khan et al., 2002) and therefore, increase the accumulation of photosynthesis output compounds in pods.
Concerning glycine betaine, its favorable effect on chemical composition of pods might be referred to the beneficial effect of it on growth and metabolism and its role as osmoprotectant (Ragab et al. 2015) .
Effect of the interactions
Data in Table 9 show that the highest significant values of vitamin C, carbohydrate, protein and total sugars (%) contents of okra pods were obtained with the interaction between (irrigation every 10 days × foliar sprayed by 150 ppm of chitosan) in both seasons followed by (irrigation every 10 days × foliar sprayed by 700 ppm of glycine betaine) and the lowest one was the interaction between (drought stress irrigation every 20 days × control) in first and second season.
The highest significant values of TSS contents of okra pods were obtained with (irrigation every 20 days × foliar sprayed by 700 ppm of glycine betaine) in both seasons followed by (irrigation every 20 days × foliar sprayed by 150 ppm of chitosan) and the lowest one was the interaction between (irrigation every 10 days × control). Same results were obtained by Farouk and Abd EL Mohsen (2011), Aldesuquy et al. (2012) and Maghsoudi et al. (2016) .
From the obtained results, it could be concluded that Balady cultivar of okra plant sprayed with chitosan at 150 ppm four times, i.e., 20 days after sowing and repeated each 10 days interval, respectively collected the highest total yield /feddan. 
